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1
RECOVERY OF BISPHENOL-A VALUES

This mmvention relates to an improved process for
making bisphenol-A, and more particularly, to an im-
proved process for recovering bisphenol-A values in
the form of a phenol liquor suitable for recycling in the
process for making bisphenol-A.

BACKGROUND OF THE INVENTION

Bisphenol-A, otherwise known as 2,2-bis(4-hydroxy-
phenyl)propane, is commercially prepared by reacting
phenol and acetone in the presence of an acidic catalyst,
such as hydrochloric acid, sulfuric acid, or a cation-
exchange resin. In one commercial method, acetone is
reacted with a stoichiometric excess of phenol in the
presence of hydrochloric acid to produce bisphenol-A.
The effluent from the reaction contains hydrochloric
acid, unreacted phenol, bisphenol-A and the phenol-
acetone condensation reaction by-products having
color bodies therein. The reaction effluent 1s passed
through a distillation/evaporation system to separate
hydrochloric acid, unreacted phenol, lower boiling
reaction by-products, crude bisphenol-A, and higher
boiling reaction by-products having most of the color
bodies therein. The thermal treatment employed in the
distillation/evaporation system results in some decom-
position/interaction of bisphenol-A and the phenol-ace-
tone condensation reaction by-products, forming more
color bodies. The hydrochloric acid, the unreacted
phenol and the lower boiling reaction by-products are
recycled to the reaction zone and the higher boiling
reaction by-products having most of the color bodies
therein are purged from the system. The crude bis-
phenol-A 1s dissolved 1n an organic solvent and the high
purtty bisphenol-A is crystallized from the solution.
The crystals are centrifuged, washed with the organic
solvent and dried to produce high purity bisphenol-A.
The solvent liquor, obtained from the centrifuge, is
distilled to produce the organic solvent for recycle and
the residual liquor contains the by-products including
isomers and color bodies present in the crude bisphenol-
A. A part of the residual liquor 1s purged from the
system to maintain the product bisphenol-A quality and
to avoid build-up of undesirable by-products in the
system, and the balance i1s recycled to the phenol-ace-
tone condensation reactor. The by-products and the
color bodies formed in the phenol-acetone condensation
reaction and the distillation/evaporation system are
generally defined in the prior art. |

The bisphenol-A produced by the above method and
separated from the reaction mixture has been effectively

removed from the tarry residue by a number of proce-
dures including distillation, crystallization, solvent ex-

traction, spray drying, evaporation, and the like, and
combinations thereof. However, it has been calculated
that substantial amounts of phenol and re-usable bis-
phenol-A values can be derived from the tars and li-
quors derived from the process of making bisphenol-A,
and there still remains the need to treat the tars and
residues resulting from the initial reaction of the phenol
and acetone to recover all possible useful products in
order to enhance the value of the bisphenol-A process.
Furthermore, it is desirable to remove color bodies and
to convert the by-products including isomeric impuri-
ties remaining in the residual liquor obtained from crys-
tallizing the crude bisphenol-A with an organic solvent
after removal of the organic solvent by distillation. In
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order to increase the economy of the process of making

- bisphenol-A in the foregoing reaction and process, in

order to reduce the amount of waste resulting from the
process, and in order to produce from the waste streams
a recycle stream substantially depleted of color bodies,
it is desirable to improve the foregoing process of mak-
ing bisphenol-A from acetone and phenol in the pres-
ence of an acid catalyst.

In U.S. Pat. No. 4,107,218, a bisphenol-A recycle
stream from the cationic exchange-catalyzed bisphenol-
A synthesis process, is decolorized with a cation ex-
change resin. All or part of the bisphenol-A process
mother liquid in this patent is contacted with acidic
cation exchange resin to remove color bodies. Phenol is
reacted with acetone in a reaction mixture containing a
cation exchange catalyst to produce a product mixture
containing unconverted reactants, bisphenol-A and
phenol-acetone condensation reaction by-products, and
the product mixture is separated into bisphenol-
A/phenol adduct crystals and a mother liquor stream.
The mother liquor stream i1s recycled to the reaction
mixture, and at least a portion of the mother liquor
stream 1s contacted with an acidic cation exchange resin
to reduce the content of color bodies contained in the
mother liquor recycle stream. In the same patent, there
are no tarry residue streams or liquor streams resulting
from the distillation of liquors to be treated, only the
bisphenol-A/phenol adduct and a mother liquor stream.

SUMMARY OF THE INVENTION

In accordance with the present invention, in the pro-
cess of making bisphenol-A comprising reacting ace-
tone and phenol in the presence of a mineral acid cata-
lyst to produce a mixture of bisphenol-A and phenol-
acetone condensation by-products having color bodies
therein, separating the mixture of bisphenol-A and con-
densation by-products into crude bisphenol-A, lower
boiling condensation reaction by-products and higher-
boiling condensation by-products having most of the
color bodies therein by distillation/evaporation; crystal-
lizing the crude bisphenol-A in the presence of an or-
ganiC solvent tc produce high purity bisphenol-A crys-
tals and a solvent liquor containing phenol-acetone
condensation by-products having color bodies therein;
separating the high purity bisphenol-A from the solvent
liquor; distilling the solvent hiquor to produce organic
solvent for recycling and residual liquor containing
phenol-acetone condensation reaction by-products hav-
ing color bodies therein including isomeric impurities;
purging from the system the higher-boiling condensa-
tion reaction by-product (tarry residue stream) and part
of the residual liquor to maintain bisphenol-A product
color quality and to avoid build-up of by-products in the
system; and recycling the balance residual liquor; the
improvement comprising

(a) adding phenol to part (e.g., up to 50% by weight)

of the higher boiling condensation by-products
having color bodies therein, and passing the result-
ing liquor through cation exchange resin to remove
color bodies and thereby produce a phenol liquor
suitable for recycling; and

(b) adding phenol to part of the purged residual li-

quor, (e.g., up to 75%, by weight) containing phe-
nol-acetone condensation by-products having
color bodies therein; and passing the resulting li-
quor through cation' exchange resin to remove
color bodies and thereby produce a phenol liquor
suitable for recycling.
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In one embodiment of the present invention, part of
the higher-boiling condensation by-products having
color bodies therein, and part of the purged residual
liquor containing phenol-acetone condensation by-pro-
ducts having color bodies therein are combined with
phenol to form a combined liquor, and the combined
liquor is passed through cation exchange resin to re-
move color bodies and thereby produce a phenol liquor
suitable for recycling. In accordance with the present
invention, not only is part of the purged residual liquor
stream containing phenol-acetone condensation by-pro-
ducts having color bodies therein derived from the

crystallization of the crude bisphenol-A with organic

solvent purified and depleted of color bodies, but also
part of the higher-boiling condensation by-product
stream having color bodies therein derived from the
tarry residue of the reaction mixture, 1s substantially
depleted of color bodies and converted to a phenol
liquor suitable for recycling.

It has also been observed in accordance with the
present invention that in addition to decolorization,
there is rearrangement of the o,p-1somer of bisphenol-A,
that is, 2-(4-hydroxyphenyl)-2-(2-hydroxyphenyl)pro-
pane, and some of the other condensation reaction by-
products to the p,p-isomer, that is, bisphenol-A.

The present invention is directed only to those pro-
cesses of making bisphenol-A from the reaction of ace-
tone and phenol in the presence of a mineral acid cata-
lyst in which a tarry residue results from the separation
of the ingredients of the reaction mixture by distillation-
/evaporation, the tarry residue being defined herein as
the higher boiling condensation by-products having
color bodies therein, as well as a solvent liquor resulting
from the crystallization and/or recrystallization of the
crude bisphenol-A in the presence of an organic solvent
to precipitate out a high purity bisphenol-A. Part of
both the tarry residue and the residual liquor derived
from the solvent liquor are ultimately passed through
cation exchange resin to remove color bodies and
thereby produce a phenol liquor suitable for recycling,
and in preferred embodiments, a liquor stream derived
from the tarry residue and the hiquor stream derived
from the residual liquor resulting from the crystalliza-
tion are combined; phenol is added thereto; and the
resulting liquor is passed through a cation exchange
resin to remove color bodies.

In the practice of the present invention, phenol is
added to the separate waste streams and/or to the com-
bined waste streams so that part of the waste streams,
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that is, the higher-boiling condensation by-product

stream having color bodies therein and the residual
liquor stream derived from the crystallization or recrys-
tallization step, can be passed through the cation ex-

change resin at temperatures less than 100° C. and pref-

erably at about 50° C. to 80" C. |

For a better understanding of the invention as well as
other objects and further features thereof, reference 1s
made to the following detailed description of the inven-
tion to be read in connection with the accompanying
drawing.

BRIEF DESCRIPTION OF THE DRAWING

The drawing is a schematic flow diagram illustrating
a process of making bisphenol-A and one embodiment
of the improvement of the present invention.
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DETAILED DESCRIPTION OF THE
INVENTION

Referring to the drawing which not only embraces
one of the preferred embodiments of the improvement
of the present invention, but also illustrates one pre-
ferred process for the preparation of pure bisphenol-A
in order to illustrate the derivation of by-product
streams, part of which are converted to a phenol liquor
suitable for recycling. An excess of phenol from reser-
voir 40, acetone from reservoir 56 and mineral acid
catalyst, for example, hydrogen chloride, from acid
catalyst tank 58, are fed to reactor 2 and heated at a
temperature from about 50° C. to 60° C. In reactor 2,
which may be a series of reaction vesseis, and which
may be operated in a batch or a continuous manner, the
reaction of phenol with acetone produces bisphenol-A.
The effluent or product stream 4 flowing from reactor
2 contains bisphenol-A, unreacted phenol, hydrochloric
acid, and a variety of phenol-acetone condensation
reaction by-products having color bodies therein and
including various isomers, dimers, trimers, and the like
well-known in the art. The product stream 4 may be
separated by any conventional system so that a stream
of crude bisphenol-A and a stream of tarry residue con-
taining higher-boiling condensation by-products having
color bodies therein, is separated. In the drawing, the
separation step is carried out by distillation columns 6
and 10, and evaporators 14 and 18. Effluent stream 4
passes into distillation column 6 where hydrochloric
acid 1s distilled and recycled to the reactor 2 after pass-

ing it through the acid recovery system 64. The distilla-
tion column bottom stream 8 goes to the second distilla-
tion column 10 where the unreacted phenol is distilled

and sent to the recycle surge reservoir 32. The bottom
stream 12 from distillation column II 10 goes to evapo-
rator 1 14 where lower boiling phenol-acetone reaction
by-products and residual phenol are evaporated and
recycled to the recycle surge reservoir 32. In evapora-
tor IT 18, the residual stream 16 from evaporator 11 14 is
evaporated to recover crude bisphenol-A stream 20 and
high boiling residue stream 74 which is purged from the
system (n purge 92.

Crude bisphenol-A stream 20 is dissolved in organic
solvent 46 and the solution is cooled to crystallize high
purity bisphenol-A in crystallizer 22. Typical organic
solvents include toluene and methylene chloride for the
crystallization of pure bisphenol-A.

The resulting slurry-1s passed through line 24 to a
solid/liquid separation zone comprising a suitable so-
lid/liquid separator 26, equipped with accessories for
crystal washing. The crystals, after separation from
their mother liquor, are washed with the organic sol-
vent 46 through line 48. The pure crystals are then sent
to the dryer 30 through line 28 where the residual or-
ganic solvent is removed from the crystals and pure
bisphenol-A is recovered at 96. The mother and wash
liquors from the separator 26 are obtained in the form of
the solvent liquor 32 which contains organic solvent,
some bisphenol-A and the various phenol-acetone reac-
tion by-products and impurities present in the crude
bisphenol-A stream 20 have color bodies therein. The
solvent liquor stream 32 is distilled in distillation 111 34
to recover the organic solvent which 1s recycled to the
solvent reservoir 46 through line 50 and the residual
liquor stream 36 containing phenol-acetone reaction
by-products and impurities having color bodies therein.
To maintain color quality of the bisphenol-A and to
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avoid build-up of phenol-acetone reaction by-preduets
and impurities in the system, a purge stream 38 is with-
drawn from the residual liquor stream 36 at 40.' The
balance of the residual llquer stream 42 is recycled: to
the recycle surge reservoir 52 through line 42: |

stream 60, make-up phenol stream 58, lower boiling
phenol-acetone reaction by-products stream 54 and the
recycled residual liquor stream 42 are mixed and the

mixture is sent to the phenel-aeetone cendensatlen reac-
tor 2 through line 72.

The modification suggested in the invention e_onsists
of mixing part of the recycle phenol stream 76 with part

of the purged residual liquor 78 and/or part of the
higher boiling tarry residue stream 80 having .color.

bodies therem, and passing this mixture through an

ion-exchange adsorption column 84 for.the removal of

color bodies.. A phenol liquor suitable for recycling to

the phenol-acetone condensation reactor 2 is removed,

by stream 86 from ion-exchange adsorption column 84.
As indicated above, it has been observed that quantities
of the o,p-isomer of bisphenol-A and some.other phe-
nol-acetone condensation reaction by—produets rear-
range to p,p-isomer of bisphenol-A in ion- exchange
adsorption column 84. s

Although it is not shown in the drawmg, an ion-ex-

change adsorption column may be utilized for removal

of the color bodies at any stage in the process where a
hquor contains phenol-acetone condensation by-pro-
ducts having color bodies therein. In accordance with
the present invention, it is important that a phenol
stream be mlxed with a tar stream or a llquer stream
prior to passing the stream through an ion exchange
adsorption column to maintain the stream as a fluid.
Since phenol has a melting point of about 41° C., and
since.the tar streams and liquor streams having melting
points in excess of the melting point of phenol, generally
at temperatures of about 100° C., the mixed phenol-tar
streams and liquor streams can be maintained at about
50° C. to about 80° C., so that the liquors and tars can be

conveniently passed throu’gh the ion exchange adsorp-

tion column or columns and other conduits. In pre-
terred embodiments of the present invention, about
50% to 80% by weight, of molten phenol, based upon
the weight of the combined phenol and waste streames, is
preferably used. As used herein, the tar stream, tarry

residue or heavy ends from the separation step are de-

fined as the higher-boiling condensation reaction by-
products having color bodies therein. One skilled in the
art can determine the optimum amounts of phenol and
optimum temperatures for removing the color bodies
from the tarry residues and residual liquors, dependmg
upon the melting points of the tars and the liquors and
the constituents of the respective streams.

In accordance with the present invention, one skllled
in the art can utilize a single ion exchange adsorption
column or multiple ion exchange adsorption columns
the latter being preferred so that at least one ion ex-
change adserptlon column can remain on stream while
a spent 1on exchange adserptlen column 1s being regen-
erated.

In accordance with the present invention, the ion
exchange resin columns may be activated with dry
phenol. Further, the ion exchange resin columns having
color bodies adsorbed therein may be regenerated by
passing a phenol/water mixture therethrough and
thereafter passing dry phenol therethrough td obtain an
anhydrous resin bed for the next cycle:‘Phenol/water

In the recycle surge reservoir 52, recycled phenol
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can be easﬂy reclaimed from the effluent phenol/water
wash used in the reactivation procedure by conven-

tional techniques, for example, by distillation.

Although temperatures and flow rates through the
bed are not narrowly critical for effective removal of
the color bodies, temperature within the range of from
about 40° C. to about 150° C., and preferably from about
50" C. to about 80° C., are usually employed. At temper-
atures below about 40° C. the phenol and other residual
constituents may freeze, and at temperatures above
about 150° C., the ion-exchange resin may become un-
stable and/or decomposition or further decomposition
or polymerization of bisphenol-A values may OCCuUr.

The rate at which the phenol/higher-boiling conden-
sation by-product stream, the phenol/residual liquor
stream, and/or the foregoing streams combined, pass
through the 1on exchange adsorption column are not
critical, and optimum flow rates can be easily deter-
mined by one skilled in the art. For example the
threughput rate can be up to about 15 ion-exchange
resin bed volumes per hour. The preferred throughput
rate is from about 1 to about 3 bed volumes per hour.

- The cation exchange resin employed in the present
invention can be any suitable form including mac-
roreticular cation- exehange resins and microreticular
cation-exchange resins. A typical cation exchange resin
is a sulfonated polystyrenedwmylbenzene 10n-exehange
resin. As indicated above, the ion-exchange resins are
preferably substantially anhydrous.

The following specific examples describe the process
of the present invention. They are intended for illustra-
tive purposes only and should not be construed as a
limitation.

A 25 mm diameter glass ion-exchange resin column
was used for the following decolorization tests. The
column temperature was maintained at 70° C. by circu-
lating hot oil through the column jacket. In the decolor-
ization/reactivation runs, the flow through the column
was maintained at 5 mls/minute (downflow) with the
help of a metering pump. The reported relative color
content in the column feed/effluent is for an absorbance
of an ultraviolet wave length at 350 nm calculated on
the basis of a concentration of 10 gms of sample in 100
milliliters of methanol. This was done by measuring the
absorbance of a 2.5% sample solution (2.5 gms sample
diluted with 100 mls methanol) in a 10 cm cell at a
wavelength of 350 nm and then multiplying it by 4 to
obtain the required absorbance. The feed solution used
for decolorization studies was prepared by mixing phe-
nol with isomer (residual liquor) and tar streams (high-
er-boiling phenol-acetone condensation reaction by-
products) from a bisphenol-A manufacturing plant. The
iIsomer stream corresponds to residual liquor effluent
stream 38, and the tar stream corresponds to higher-
boiling condensation by-products effluent stream 74 in
the accompanying drawing.

EXAMPLE 1

The glass ion exchange resin column was charged
with 120 mls (45 gms dry resin) of swollen (with 80:20
phenol-water solution) macroreticular, sulfonated poly-
styrene-divinylbenzene ion-exchange resin beads of
28-48 mesh size supplied commercially by Rohm and
Haas Co. under the trademark Amberlyst XN-1010.
The resin bed was washed with 4 bed volumes of 80:20
(by weight) phenol-water solution. Initial wash effluent
had an absorbance of 1.48. At the end of 4 bed volumes,
the absorbance of the effluent was 0.16. This was fol-
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lowed by 3 bed volumes of dry phenol wash to make the
bed anhydrous. | |

A feed solution comprising by weight 80% phenol
and 20% 1somer stream (restdual crystallization liquor)
and having an absorbance of 5.20 was contacted with 5
the resin bed. A total of eighteen bed volumes were
passed through the column. An overall color reduction
of 26% was observed as illustrated in Table 1 below:

TABLE 1

COLOR REDUCTION IN RECRYSTALILIZATION
RESIDUAL LIQUOR STREAM _-

10

ABSORBANCE

Feed 5.20 |

Initial effluent (after 2 bed volumes) 2.75

Intermediate effluent {(after 9 bed volumes) 3.80 15
Final effiuent (after 18 bed volumes) 4.10

Composite of total effluents 3.85

The data 1n Table 1 illustrate that the process of the

present invention reduces the color bodies of the resid- 20

ual liquor substantially. The effluent, even after 18 bed
volumes, shows substanttal removal of color bodies.

It was observed that in addition to decolorization,
there was some rearrangement of phenol-acetone con-
densation (reaction) by-products from the o,p-i1somer of 25
bisphenol-A to the p,p-isomer of bisphenol-A in the
resin bed. Feed and composite effluent had the composi-
tions weight set forth in Table 2 below:

TABLE 2

Rearrangement of Phenol-Acetone Condensation
Reaction By-Products in Ion-Exchange Resin Bed

30

*FEED EFFLUENT
Phenol 30.4 79.9
p.p-bisphenol-A 8.0 8.9
o,p-bisphenol-A 3.2 2.9 35
Other products 8.4 8.3
*weight percent in feed or efflueni
EXAMPLE 2

_ 40

A feed solution comprising by weight 80% phenol,
15% isomer stream (crystallization residual liquor) and
5% tar (higher-boiling by-products) stream was pre-
pared from a bisphenol manufacturing process and
treated simtlar to the process of Example 1. This solu- 45
tion had an initial absorbance of 6.25. The resin bed of
Example 1 was used for the decolorization studies.

Eighteen bed volumes of waste stream solution hav-
ing an absorbance of 6.25 were then pumped through
the column. An overall color reduction of 29% was 50
observed as 1llustrated in Table 3 below:

TABLE 3

Color Reduction in Recrystallization
Residual Liquor and Higher-Boiling
Condensation By-products Streams Combined

55

ABSORBANCE
Feed 6.25
Initial effluent (after 2 bed volumes) 3.29
Intermediate effluent (after 9 bed volumes) 4.40
Final effluent (after 18 bed volumes) 5.00 60
Composite of total effluents 4.42

As in Example 1, it was again observed that some
rearrangement - of the by-product had also taken place.
The used resin bed was washed with 4 bed volumes of 65
80:20, by weight, phenol-water solution to desorb the
color bodies. The absorbance of total combined wash
effluent was 12.33. This was followed by washing the

8
resin with 3 bed volumes of dry phenol to make the
resin bed anhydrous for the next cycle.
~In the next cycle, again eighteen bed volumes of feed
solution were pumped through the reactivated bed. An
overall color reduction of 28% was observed as illus-
trated in Table 4 below:

TABLE 4

Cclur Reduction of Feed Solution Identical to
Feed Solution of Table 3 In Regenerated Resin Bed

Absorbance
Feed 6.25
Initial effiuent (after 2 bed volumes) 3.32
Intermediate effluent (after 9 bed volumes) 4,52
Final Effluent (after 18 bed volumes) 5.00
Composite of total effluents 4.49

The used resin bed was again reactivated as described
earlier by washing with phenol-water followed by dry
phenol. The total combined wash effluent (from phenol-
water wash) hasd an absorbance of 14.48 indicating
removal of color bodies from the bed.

Feed solution was again passed through the reacti-
vated bed. The absorbance of effluent after 2 bed vol-
umes was 3.53.

The data of Tables 3 and 4 illustrate that the process
of the present invention substantially reduces the color
bodies of both residual liquor and higher-boiling con-
densation by-product streams combined.

EXAMPLE 3

In this example, a microreticular cation exchange
resin supplied commercially by Rohm and Haas Co.
under the trademark, Amberlite-118, was used for de-
colorization of waste streams. The feed solution used
and the procedures followed for resin loading, wash,
adsorption cycle and reactivation were the same as

- described in Example 2. An overall color reduction of

23% was observed 1n the first cycle shown in Table 5
below:

TABLE 5

Color Reduction of Recrystallization
. Residual Liquor and Higher-Boiling
Condensation By-Product Effluent Combined

ABSORBANCE
Feed 6.25
Initial effluent (after 2 bed volumes) 3.13
Intermediate effluent (after 18 bed volumes) = 4.78
Final effluent (after 18 bed volumes) - 5.15
Composite of total effluents 4.81

The saturated bed from the foregoing first cycle was
reactivated and was used for the second cycle. A reduc-
tion in color content of waste stream solution of 24%
was observed 1n the second cycle as shown in Table 6
below: |

TABLE 6

Coler Reduction of Feed Solution
In Regenerated Resin Bed of Table 5

ABSORBANCE

Feed - 0.25
Initial effluent (after 2 bed volumes) 3.11
Intermediate effluent (after 9 bed volumes) 4.74
Final effluent (after 18 bed volumes) 5.18
Composite of total effluents 4,75

As 1n Examples 1 and 2, rearrangement of reaction
by-products was observed when the waste stream solu-
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tion was contacted with the resin bed. The data in Ta-
bles 5 and 6 illustrate that microreticular cation ex-
change resins also substantially reduce the color bodies
in combined effluents from bisphenol-A manufacturing
pProcesses.

As seen from the data in the foregoing examples, the
phenol liquor suitable for recycling contains a substan-
tial amount of phenol, the p,p-bisphenol-A isomer, the
o,p-bisphenol-A i1somer and other products. Since bis-
phenol-A 1s used in making polycarbonate resins by
reaction of the bisphenol-A with phosgene, diphenyl
carbonate, and the like, or for making epoxy resins, both
resins being used extensively in commercial applications
involving moulding, casting, and sheet-forming pur-
poses, it 1s highly important that the monomeric bis-
phenol-A used to make such resins be as pure as possible
in order to avoid adverse effects on the properties of the
polymers thus obtained. The improved process of mak-
ing bisphenol-A in accordance with the present inven-
tion combines at least part of the two waste effluent
streams from the manufacturing process and converts
them into bisphenol-A values suitable for recycling to
the reactor for making bisphenol-A. Thus, additional
bisphenol-A values of sufficient purity are returned to
the process by the present invention.

While the invention has been described with respect
to preferred embodiments, it will be apparent that cer-
tain modifications and changes can be made without
departing from the spirit and scope of the invention and
therefore, it 1s intended that the foregoing disclosure be
limited only by the claims appended hereto.

What we claim as new and desire to secure by Letters
Patent of the United States is: |

1. In the process of making bisphenol-A comprising
reacting acetone and phenol in the presence of mineral
acid catalyst to produce a mixture of bisphenol-A, and
phenol-acetone condensation by-products having color
bodies therein, separating the mixture of bisphenol-A
and condensation by-products into crude bisphenol-A,
lower boiling condensation reaction by-products and
higher-boiling condensation by-products having most
of the color bodies therein by distillation/evaporation;
crystallizing the crude bisphenol-A in the presence of
an organic solvent to produce high purity bisphenol-A
and a solvent liquor containing phenol-acetone conden-
sation by-products having color bodies therein; separat-
ing the high purity bisphenol-A from the solvent liquor;
distilling the solvent liquor to produce organic solvent
for recycling and residual liquor containing phenol-ace-
tone condensation reaction by-products having color
bodies therein including isomeric impurities, purging
from the system the higher-boiling condensation reac-
tion by-products and part of the residual liquor, to main-
tain bisphenol-A product, color quality and to avoid
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build-up of by-products in the system; and recycling the
balance of residual liquor; the improvement comprising:

(a) adding phenol to part (e.g., up to 50%) of the

higher-boiling condensation by-products having
color bodies therein obtained from the separation
of the mixture of the bisphenol-A and condensation
by-products by distillation/evaporation into crude
bisphenol-A, lower boiling condensation reaction
by-products and a tarry residue containing higher-
boiling condensation by-products having color
bodies therein, and passing the resulting liquor
through cation exchange resin to remove color
bodies and thereby produce a phenol liquor suit-
able tor recycling; and

(b) adding phenol to part of the purged residual li-

quor, (e.g., up to 75%) containing phenol-acetone
condensation by-products having color bodies
therein obtained from the purge stream of higher-
boiling condensation reaction by-products and
residual liquor after distilling the solvent liquor to
produce organic solvent for recycling; and passing
the resulting liquor through cation exchange resin
to remove color bodies and thereby produce a
phenol liquor suitable for recycling.

2. The process of claim 1, further comprising (c¢)
combining the phenol liquor of steps (a) and (b) and
passing the combined phenol liquors through cation
exchange resin to remove additional color bodies and
thereby produce a phenol liquor substantially depleted
of color bodies.

3. The process of claim 1, comprising adding about
0% to 80%, by weight, phenol to the higher boiling
condensation by-products having color bodies therein.

4. The process of claim 1, further comprising activat-
ing the cation exchange resin with dry phenol.

5. The process of claim 1, further comprising regener-
ating cation exchange resin having color bodies ab-
sorbed therein by passing a phenol/water mixture there-
through and thereafter passing dry phenol there-
through.

6. The process of claim 2, comprising combining the
higher-boiling condensation by-products having color
bodies therein and the residual liquor containing phe-
nol-acetone condensation by-products having color

5 bodies therein with about 50% to 80%, by weight, phe-
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nol, based upon the weight of the combined liquors.

7. The process of claim 2, further comprising passing
any of the iquor streams through cation exchange resin
prior to combining the streams in step (a).

8. The process of claim 2, further comprising activat-
ing the cation exchange resin with dry phenol.

9. The process of claim 2, further comprising regener-
ating cation exchange resin having color bodies ab-
sorbed therein by passing a phenol/water mixture there-
through and thereafter passing dry phenol there-
through.
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